We conducted a floristic survey of lycophytes and monilophytes in Rio Preto State Park, located in the municipality of São Gonçalo do Rio Preto, and in the surrounding areas, including the municipality of Felício dos Santos, in the state of Minas Gerais, Brazil. The study area is within the Espinhaço Mountain Range. Collections were made from June 1999 to August 2008, and the specimens were deposited in the Herbarium of the Federal University of Minas Gerais. Were identified 188 taxa (185 species, one subspecies and two varieties), distributed among 20 families and 60 genera. The most representative families were Polypodiaceae, with 35 species; Pteridaceae, with 24 species; Dryopteridaceae, with 23 species; Hymenophyllaceae, with 17 species; and Lycopodiaceae, with 13 species and one variety. The most species-rich genera were Elaphoglossum (n = 19), Asplenium (n = 12), Blechnum (n = 10) and Thelypteris (n = 9). Of the taxa recorded, nine are endangered species. Here we present a taxa checklist for the studied area, data regarding growth habit and vegetation type for each species, as well as comparative analyses between Rio Preto State Park and other areas within the Espinhaço Range and the Atlantic Forest, in terms of species composition.
Introduction
The Espinhaço Mountain Range, also known as the Serra Geral, encompasses a group of mountains separating the São Francisco River Basin from the Atlantic coast of Brazil (Abreu 1984) . This mountain chain is bordered on the south by the Serra de Ouro Branco, in the state of Minas Gerais, and on the north by the Serra da Jacobina, in the state of Bahia (Harley 1995) .
Until the 19th century, the Espinhaço Range was internationally renowned for its remarkable geomorphology, being an important source of precious minerals such as gold and diamonds (Gontijo 2008) . Currently, although iron mining still thrives in the southern portion (Jacobi & Carmo 2008) , the main richness of the range is its plant and animal diversity (Gontijo 2008; Leite et al. 2008; Rapini 2008; Vasconcelos et al. 2008) .
The mosaic of phytophysiognomies within the Espinhaço Range, composed of forest, grassland and savanna, provides a plurality of niches and contributes to high rates of endemism and species richness. In this context, the vegetation of the campos rupestres ("rupestrian grasslands") is notable. The rupestrian grasslands are characterized by open vegetation emerging generally above 900 m on a substrate of quartzite rocks and sandy soils (Giulietti et al. 1987) . The disrupted and scattered distribution of these grasslands throughout the Espinhaço Range, because of its heterogeneity-macro-spatial (altitudinal, topographic and latitudinal) and micro-spatial (edaphic and microclimatic)-contributes to the high rates of plant species richness and endemism in this mountain chain (Rapini et al. 2008) .
Among the 4000 plant species estimated to occur throughout the Espinhaço Range (Giulietti et al. 1997) , 468 lycophytes and monilophytes have been identified (Salino & Almeida 2008a) . Seedless vascular plants are divided into two monophyletic groups: lycophytes and monilophytes (Pryer et al. 2004) . The lycophytes encompass approximately 1360 species (Moran 2008 ) distributed among three families and 18 genera, and are characterized by the presence of microphylls and adaxial sporangium at the axillary position on the leaves, lateralized to the stem, with complete, distal dehiscence. The monilophyte lineage includes species with megaphylls and a distinct vascularization system, with the protoxylem confined to lobes of the xylem strand (Pryer et al. 2004) ; this lineage comprises 12,240 species (Moran 2008 ) distributed among 42 families (Smith et al. 2008; Rothfels et al. 2012) .
Lycophytes and monilophytes show a wide diversity in terms of plant size and growth habits, as well as sporophyte and gametophyte structures. They are widespread, being found in the most diverse habitat types and under various environmental conditions. Despite their broad distribution, they thrive and are more abundant in tropical environments with high humidity and rare episodes of water scarcity (Page 1979) . The center of lycophyte and monilophyte diversity is in the tropics, especially in regions with rugged relief of moderate to high elevation and high rainfall or humidity. This scenario is commonly related to a great diversity of microhabitats and is favorable to colonization by various groups of lycophytes and monilophytes (Ponce et al. 2002) .
To date, few studies have focused exclusively on the lycophyte and monilophyte flora of the state of Minas Gerais (see Salino & Almeida 2009 ). Even fewer have been conducted in the Espinhaço Range (Salino & Almeida 2008a) , and there have been no studies carried out in the Planalto de Diamantina region, in the central portion of the Espinhaço Range. According to Drummond et al. (2005) , the Planalto de Diamantina is a priority area for flora conservation in Minas Gerais and is biologically special due to the occurrence of species whose distribution is restricted to the site or are in unique environments within the state. Those authors point to mining activities, plant exploitation, cattle ranching and farming as the main anthropogenic pressures in the region. The primary recommendations for flora conservation are the creation of conservation units and the development of management plans (Drummond et al. 2005) .
As pointed out by Salino & Almeida (2008a) , the Espinhaço Range presents a characteristic set of monilophytes and lycophytes species, with influence from several floristic elements, from the Andes to the Atlantic Forest. Several floristic surveys at various locations in the Espinhaço Range (Salino et al., personal communication) indicate that, despite being within the Brazilian savanna (cerrado) ecosystem, these mountains are strongly influenced by the Atlantic Forest, especially in the cloud forests (mata nebular and mata sempre-verde). According to Salino & Almeida (2008a) , several species that are typical to the coastal Atlantic Forest occur in this environment. The existence of these forests, associated with other formations such as grasslands and savanna and other typical cerrado forests (including the matas de galeria), favor the establishment not only of a high number of species but also of a quite unique and heterogeneous assemblage of species. These areas might harbor a community of lycophytes and monilophytes that does not approach the communities existing in other cerrado areas or in areas of the Atlantic Forest.
The aims of the present study were to generate a list of lycophyte and monilophyte species occurring in Rio Preto State Park (RPSP), located in the Planalto de Diamantina, extending the geographic distribution of some species; to perform comparative analyses between RPSP and other areas in the Espinhaço Range and the Atlantic Forest, in terms of species composition; and, ultimately, to contribute to increasing the knowledge of the flora of the Espinhaço Range as well as that of the state of Minas Gerais as a whole.
Material and methods

Study site
The study site (RPSP) is located in the municipality of São Gonçalo do Rio Preto (18°05' to 18°12'S; 43°18' to 43°34'W), in the extreme northern region of the Planalto de Diamantina. The park was established in 1993 and spans an area of approximately 12,000 ha, comprising forest formations (mata ciliar, mata de galeria, cerradão and mata sempre-verde), savannas (cerrado sensu stricto) and grasslands (campo limpo, campo sujo and campo rupestre) (Ribeiro & Walter 1998) . The RPSP relief is predominantly mountainous, and the altitude ranges from 750 m to 1825 m, the highest point being Pico Dois Irmãos. According to the Köppen climate classification system (Köppen 1931) , the climate is type Cwb, with an average annual temperature of 19°C and well-defined wet and dry seasons. The park is in the lower basin of the Rio Preto River, which comprises several natural springs and watercourses draining toward the Rio Jequitinhonha Basin. The park harbors remarkable floristic diversity (Lombardi et al., unpublished data) and plays an important role in the conservation and maintenance of the genetic diversity of rupestrian grasslands and related ecosystems (IEF 2004) .
There is an ongoing project to increase the area of RPSP by approximately 20,000 ha. This will be achieved by annexing adjacent areas from the municipalities of Felício dos Santos, Diamantina, Rio Vermelho, Itambé do Mato Dentro and Couto de Magalhães de Minas (Antonio Augusto Tonhão de Almeida, manager of the RPSP, personal communication).
Sampling and data analyses
To collect data and register species, we carried out 32 five-day survey expeditions between June 1999 and August 2008. We sampled all the phytophysiognomies of RPSP, including a large fragment of Atlantic Forest (ca. 4000 ha), which actually lies outside the current boundaries of RPSP but will soon be included in the park, located in the vicinity of Felício dos Santos. The incorporation of this forest fragment, known as the Mata do Isidoro, into the park, is justifiable due to the importance of the area in the overall regional context, regarding the important role that this forest area plays in the composition of the pteridophyte flora in the Espinhaço Range, in the southeastern and southern regions of Brazil (Salino & Almeida 2008a) .
Samples were collected and prepared according to the usual techniques adopted for lycophytes and monilophytes (Silva 1984) . Taxonomic identification was based on the specific literature and comparisons with material previously identified by specialists at the Herbarium of the Federal University of Minas Gerais. Voucher material was deposited at the herbarium. The material pertaining to this collection was thoroughly analyzed, and those specimens previously collected at the study site were recorded. The monilophyte taxonomic classification was based on Smith et al. (2008) , whereas for lycophytes we adopted the classification proposed by Øllgaard (1992; 2012) . The names of authorities were abbreviated following Pichi-Sermolli (1996) .
Species composition in the RPSP was compared with that of 26 other localities within the Espinhaço Range and Atlantic Forest (Tab. 1) through nonmetric multidimensional scaling (NMDS) ordination analysis (Legendre & Legendre 1998; Minchin 1987) , using the Sørensen similarity index, with a maximum of 500 iterations. The adequacy of the ordination for interpretation was evaluated using stress value. We also performed a floristic similarity analysis using the Sørensen (Bray-Curtis) distance measure, considering that two areas would be similar when showing a value > 0.5 (Magurran 2004; Kent & Coker 1992) . We created a dendrogram using the weighted pair-group method with arithmetic mean algorithm (Sokal & Michener 1958) . Both analyses were performed using the program PC-ORD 5.0 
Results and discussion
For RPSP, we recorded 188 infrageneric taxa (185 species, one subspecies and two varieties): 17 species and one variety of lycophytes, distributed among two families and five genera (Tab. 2); and 168 species, one subspecies and one variety of monilophytes, distributed among 19 families and 56 genera (Tab. 3). The most representative families were Polypodiaceae, with 35 species; Pteridaceae, with 24 species; Dryopteridaceae, with 23 species; Hymenophyllaceae, with 17 species; Lycopodiaceae, with 13 species and one variety; Aspleniaceae, with 12 species; Blechnaceae, with 11 species; and Thelypteridaceae, with 10 species. The genus with the highest number of species was Elaphoglossum (n = 19), followed by Asplenium (n = 12), Blechnum (n = 10), Thelypteris (n = 9), Anemia (n = 8) and Hymenophyllum (n = 8).
Of the 188 taxa recorded in the present study, 128 (68.1%) were identified exclusively in forest formations and 51 (27.1%) were identified exclusively in grassland formations. Of those identified in forest formations, 52 were terrestrial, 43 were growing on rocks, 22 were epiphytic, three were climbers, and eight had more than one growth habit. Of those identified in grassland formations, 29 were terrestrial, 19 were growing on rocks, and three were epiphytic, the species Lycopodiella, Palhinhaea and Pseudolycopodiella predominating. The observed distribution of lycophyte and monilophyte taxa in various vegetation formations in the RPSP highlights the importance of forest environments, especially those occurring above 1400 m, which contributes to colonization by several lycophyte and monilophyte groups and, more specifically, by species of exclusive or preferential epiphytic habit.
Two species occurring in the RPSP are included on the Official List of Endangered Species in Brazil (MMA 2008):
Asplenium schwackei and Dicksonia sellowiana. According to the Red List of Threatened Species of the Flora of the State of Minas Gerais (Drummond et al. 2008) , nine species listed in the present study are under some level of threat. The species Asplenium schwackei, Cyathea bipinnatifida, Phlegmariurus itambensis and Pseudolycopodiella bejaminiana are classified as "critically endangered"; Paesia glandulosa, Jamesonia sellowiana and Pellaea gleichenioides are classified as "endangered"; Cyathea myriotricha and Dicksonia sellowiana are classified as "vulnerable". Only three subspontaneous alien species were registered in the RPSP: Nephrolepis brownii, Pteris vittata and Macrothelypteris torresiana. This shows the remarkable conservation status of the RPSP and highlights the importance of the area to the conservation of the lycophyte and monilophyte flora in Minas Gerais.
We recorded six species that are endemic to the Espinhaço Range (Salino & Almeida 2008a) : Anemia rutifolia, Asplenium geraense and Asplenium schwackei, previously known to occur only in the region of the city of Ouro Preto; Phlegmariurus itambensis, to date known to occur exclusively in Pico do Itambé State Park and Sempre Vivas National Park, also located within the Planalto de Diamantina region; Jamesonia sellowiana; and Pellaea gleichenioides.
According to Salino & Almeida (2008a) , the Planalto de Diamantina is, potentially, the third richest region in the Espinhaço Range, harboring 215 species of lycophytes and monilophytes. Of the species recorded in the present study, 12 were not on the previous species list of the Planalto de Diamantina, published by Salino & Almeida (2008a) The results presented here show that the RPSP harbors 83% of the lycophyte and monilophyte species occurring in the region. This richness is partially due to an increased sampling effort in this area, to the detriment of other areas in the Planalto de Diamantina region, as well as to the presence of important forest fragments contributing to increased richness of the lycophyte and monilophyte flora.
For a two-dimensional solution, the stress value in the NMDS analysis was 0.13. This analysis revealed two different groups (Fig. 1) : the first consisting of Atlantic Forest areas (coastal rain forests), coastal woodlands or seasonal semideciduous forests; and the second consisting of all of the areas in the Espinhaço Range, in addition to areas of dense rain forest in the hinterland, such as the Fernão Dias Environmentally Protected Area and Serra do Brigadeiro State Park, as well as areas of Ibitipoca State Park and Serra Negra State Park.
Four areas behaved as outliers in the NMDS analysis: the Serra do Cuscuzeiro (mountain range); Chapada Diamantina National Park; Itatiaia National Park; and Serra do Papagaio State Park. Chapada Diamantina National Park has a strong floristic influence from the shrublands domain (Zappi 2008) , which might explain the low correlation with other areas of the Espinhaço Range included in the analysis, which are influenced by the Atlantic Forest or cerrado domains. The Serra do Cuscuzeiro is an area with cerrado formations located in a region with a unique geological formation, the sandstone-basalt cuestas, which could be an explanation for the presence of a different assemblage of lycophytes and monilophytes and a low correlation with the other areas. Itatiaia National Park and Serra do Papagaio State Park are influenced by campos de altitude ("upland") grasslands and also show the highest altitudinal gradient among the areas, which provides a greater diversity of habitats and, hence, taxonomic diversity, including several endemic vascular plants (Brade 1956 ).
The similarity analysis corroborated the NMDS results and allowed areas of grasslands and forest formations to be differentiated from those composed exclusively of forest formations (Fig. 2) . All of the areas located within the Minas Gerais domain of the Espinhaço Range showed floristic similarity ( of Minas Gerais; and Chapada Diamantina National Park, in the northern part of the Espinhaço Range.
Considering the location of RPSP, a more prominent influence of cerrado on the floristic composition of the lycophyte and monilophyte flora could be expected. However, several species typical of the Atlantic Forest were found, reflecting the influence of the forest formations occurring above 1500 m. However, as observed in the results of the analyses above, this influence appears to comes more from the inland rainforests than from the coastal ones. Such formations allow colonization by these taxa, as observed by Salino & Almeida (2008a) in the Planalto de Diamantina region.
The results of our analyses show that RPSP, as well as other areas in the Espinhaço Range, presents a characteristic set of monilophyte and lycophyte species. Although the floristic composition is influenced by the Atlantic Forest, especially in the high mountain forests, the association of these forests with typical cerrado formations makes these environments conducive to a unique assemblage of species, although we can observe that the environmental characteristics present in the Espinhaço Range also occur in areas outside these mountains, such as in Ibitipoca and Serra Negra State Parks. Almeida (2008) pointed out the high floristic similarity between these areas and suggested that, although within the Atlantic Forest and near the Mantiqueira Range, the Ibitipoca and Serra Negra State Parks also present grasslands, including rupestrian grasslands, as well as mata nebular formations that are similar to those of the Espinhaço Range. Obtaining greater clarification on the floristic relations between the communities of lycophytes and monilophytes occurring in different vegetation formations in Brazil will require more detailed analyses including all currently available data from floristic surveys.
Despite the recent increase in the sampling effort in the Planalto de Diamantina region, the results of the present study suggest that there is still a lack of knowledge about the local lycophyte and monilophyte flora, given that we recorded several species previously unknown to occur in the region. The increasing richness of lycophytes and monilophytes in the Planalto de Diamantina region, together with the occurrence of rare and threatened species in the area, underpins the initiative to expand the area of RPSP and underscores its importance in the conservation of this group of plants. 
